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A Comparison of the Rasch Item
Probability with Three Common Item
Characteristics as Criteria for Item Selection

Howard E. A. Tinsley and Rene' V. Dawis

Rasch (1960, 1966) propnced a simple logistic model for ability and
achievement tests i_.avolv-.’.:)g two paramelers -~ a person pavameter pertaining
to the person's ability, and au item paramcter pertaining to the difficulty
of the measurement. Rasuiils mecdel allows the separation of, and indepen~
dent estimation of,v thesc two pa'-:arneterS. Since the item parameter‘ can

be estimated in a manﬁgr that does not depend on the ability level of the

"sample of persons used in the estimation, Rasch's procedure has been

chargcterized as sample~free (Wright énd Panéhapakeann, 1969;.

Az described by Wright and Panchapakesan (1969) .the Rasch pfocedure
consvistis of two ‘stva‘ges.,‘ ii:em cai:bration and person measurement. Itém
calibration con‘sivstg' 6f estimati»;'llg‘_the'.itx:em parareters and their standard

errors from the résponses of a iarge saniple o‘f'persohs to the set of items.

“ Items':which do nd_f: satisfy the criterion of "fil:"'t'o‘the. model are elim- -

inafed. The remaining "good-fitting" items are then used to obtain test
scores for the pe;rsons in the sawpie. From these scores énd the diffi-
culties (or, conversely, easinesses) of the items used, an estimate of
each person's ability and the standard error of this estimate are obtained.
| The -present étudy concerns the selection of items for analogy tests
according to the Rasch procedure's '"goodness-of-fit" test, and how this
selection compares with item selection based on three commonly used item

chgracteristics, namely, item discrimination, item difficulty and item-

ability correlation.
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Method

Instruments ~= Five analogy tests were utilized in the'study:. one form
~each for word, picture and symbol analogies and two number analogy forms.
There were 94 items in thé word analogy test, 32.'j;tems in the symbol analogy
test, 99 items in the pictui:e analogy test, and 1‘_78 number-analogy items, )
93 in one form and 35 in the other. All items were of the multiple choice
type, Qith five response aiternativeé and with the blank in the item stem
occurring :lﬁ any of tﬁé four positions of the analogy elements (i.e., in
A, B, Cor D position in the analogy A:B::C:D). All tests were introduced
by one standard page of test 1nafructions. »

Subjects -- The sﬁbjects in the study. were cbllege 'students enrolj.ed B
in an introductory psychology class at the‘Univérsity of Mj.nnesota dutipg

the fall of 1970. All subjécts were volunteers (obtained through the subject

pool of the Department of Psychology) who were participating in thevtéis'ea'tch' S

- to gain additional points toward their c'_ou;:‘se grade, - Eag:h‘ gtpdént completed’
- one, two or three tests. A f:ot_:al 'of'i,400'te§ts we¥e, compleﬁed, ‘1xic1u¢;ing;'~.’
304‘w9rd analogy t‘esbts‘, '3-19 picture analdg& tv:est;'s,’ 301 symbol analogy '.t:e';s_t:"s‘, '
.and'268 of ‘one form and 203 of the other form of the numb.érm_a;na‘ld-g“y't'eét-' |
Adminigtration -- Because the test forms were designed to be self-

explanatory, subjects were simply given the test, instructed to read the ._
directions and complete the test. The test administrator was .a'lways avail-
able, however, to answer any questions. Each subject was allowed to complete- -
one, two, or three tests. Tests were administered- in the following order:

1) word, 2) picture, 3) symbol, 4) number, form 1, and 5) number, form 2.

Np time limits were set for completion of the tests. -'

Analysis -- Item analysis was performed using the Bart et al. (1970)

8d8Ptation' of the Wright and Panchapakesan: (1970)' computer, program. This

)
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program outputs, for each item, the item difficulty (proportion of correct
responses), the Rasch item easiness estimate and its error term, the item-
ability correlation, the item discrimination, and the Rasch probability
value for the "goodness of fit" tesf. Of interest to this study are item
difficﬁlty, item-ability correlation, item discrimination and the Raschv
item probability (of "fit" to the model).

The ﬁasch item probability is the probability of the observed response
pattern given the hypothesis that the item fits the Rasch simple logistic
model. According to Wright (1970) the problem of item fit is "not simple".
The P-value is the probability of a cﬁi square value derived by summing
squared normal deviate valueé across score groups (with df = number of score
groups uinus 1). The normal deviates values, in turn, are normal deviate
transformations of "proportion correct" values for each score group. Thus,
a normal deviate of 2 or less is considered acceptable while values greater
than 3 are unacceptable. With acceptable normal deviates, the P-value of
the resulting chi square can raﬁge below .001,‘hen¢e cut-off points of .05
(#s recommended by Brooks,‘1964) or even of .01 (as recomhended by Anderson,
et al., 1968) may be overly stringent. The number of persons in each score
group is enother factor, sircc a aisfit based on a small (less than 10)
group is legs significant thas cne based on a large (greater than 20) group.
anegheless, for this study, Rusch item probability cutoffs of .01, .05,
.10, .25, .50, and .75 were snecifiecd as the minimum acceptable criterion
values.

Using item difficulty as a selection criterion is justified on the
grounds that item variance is a function of item difficulty, and it is
desirable to select the items with the largest variances since test variance

is a function of the summed item variances (Lord and Novick, 1968, Ch. 15).

6
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Item variance is at its greatest for item difficulty at P = .5 and decreases
as p deviates from .5. Three criterion levels for item selection were used
in this study: .20 4P & .30, .30 &P £ .70, and .40 £ P & .60.

Item-ability correlation is the point biserial correlation of item
scores with ability scores and is an index of item validity (Lord and Novick,
1963, Ch. 15). For this study, two levels were used as criteria for item
selection: Tob 2 ,20 and Tob = ,30.

Item discrimination is an index derived.from the biserial correlation
between latent ability and scores on the item according to the formula (Loxd

and Novick, 1968, p. 373).

d =1z, /V1-r?
where d = discrimination index
r,= biserial correlation between item score

and latent ability.

Birnbaum (in Lord and Novick, 1963; p. 474) states that .93 and .20 represent

the extremes of the range of item discrimination values encountered in practice.

Three levels of item discrimination v#lues were used in this study as criteria
for item selection: d 2,20, > .30, and S .40.

The above criteria for item selection were compared with respect to the
percentage of items in each test that met each criterion (i.e., each level
of each type of criterion). Since, in practice, item selection is usually
based on more than one criterion, the percentage of items meeting two
criteria was examined for every pair of criteria. Of major interest was the
percentage of those items meeting the Rasch item probability criteria which
also met other criteria.

Results

Table 1 shows the percentages of items for each type of analogy test

"7
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that satisfied the various criteria. As might be expected, the proportion
of items selected depended on both the type of criterion and the type of
analogy test. The largest percentages of items were consistently selected

for number analogies when the Rasch item probability, item discrimination,

. or item-ability correlation, was employed as the selection criterion. For

item difficulty as the criterion, the highest selection rate was observed
for word analogies. The lowest percentages of items selected were con-
sistently for picture analogies when the Rasch item probability or item-
ability correlation was used as the criterion. The lowest selection rates

tended to be for symbol analogies when using item discrimination as the

" criterion, and for number analogies when using item difficulty as the

criterion. A Rasch item probability of .01 was the most lenient.criterion
among those ﬁried éut in this study, regardless of type of analogy item.

In terns of percentages of items selected, an>1tem discrimination level of
.20 was approximately equivalent tb a Rasch item probability of .05, while
an item difficulty range of .20 to .80 was approximately equivalent to a
Rasch item probability of .25. This was generally true for the four
different types of analogy 1tems; ﬁowever, an item-ability correlation of
.20 was approximately equivalent to a Rasch item probability of .25 for word

analogies, .35 for symbol and picture analogies, and .10 for number analogies.

Insert Table 1 here

Tables 2, 3, 4, and 5 show the percentages of items satisfying both of
each pair of criteria, for word, symbol, picture, and number analogies,
respéctivély. Table 2 shows that for word analogies, and for the Rasch item
probability paired with other criteria, the most lenient levels used in this

study selected between 56% and 78%. For other pairs of criteria, the

8
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selection rates for the most leﬁient levels ranged between 33% and 59%.
Similar percentage rates were ob#erved fbr symbol analogies (Table 3) and
picture analogies (Table 4). For number analogies, as shown in Table 5,

the percentage rates for the pairings of Rasch item probability with other
criteria, both at the most lenient levels, ranzed from 40% to 90%. Pairings
of the other criteria resulted in sélection rates at the most lenient levels
that ranged from 32% to 80%. These percénﬁage rates for paired criteria
provide some idea of the overlap (or lack of overlap) between the criteria.
In terms of percentage of items selected 1p common, the Rasch item probability
and item discrimination‘tended to be most similar, while item difficulty and
item-ability correlation tended fo be most dissimilar. 1In both instances,
the supportive results were uniformly foﬁnd across all four types of analogy

Conclusion

In this study, the Rasch item probability (an 1ndex of "“goodness of fit"

of the item to the Rasch simple logistic model) was compared with three other

item characteristics -- item difficulty, 1tem-ab111ty correlation, and item
discrimination -- as criteria for item selection. The results of this s:udy'
show that Rasch item probability levels of .01 and .05 proposed as criteria
for %tem seiection are more lenient (in terms of proportion of items rejected)
than commonly used ievels of the other item characteristics (to wit, item

difficulty of between .20 and .80, and item-ability correlation and item

. discrimination of .20 or greater). This finding was true for all four types

of analogy items used: word, symbol, picture and number. The results also

showed only a moderate amount of overlap among the four criteria, with the

9
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Rasch item probability and item discrimination being the most similar, and

item difficulty and item~ebility correlation being the most dissimilar,

criteria for item selection.

- -‘.ns;.&;t-..‘;y';:“i‘.“;;,
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Percentage of Items Satisfying Four Item
Selection Criteria, by Type of Analogy Test

-

Table 1

Type of Analogy Test

Criterion Word Symbol Picture Number
94 Items 32 Items 99 Items 178 Items
Rasch Item
Probability
.01 9% 95 92 96
.05 86 84 83 38
.10 78 78 75 82
+25 60 61 52 66
.50 32 33 27 48
75 11 13 10 27
Discrimination
.20 01 70 76 92
.30 62 50 58 83
40 50 44 29 74
Difficulty
" .20 - .80 74 56 65 42
.30 - .70 59 34 43 30
.40 - .60 35 20 22 14
Item-Ability .
Correlation
.20 56 45 37 80
.30 23 11 07 53
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Table 2

Percentage of 94 Word Analogy Items
Satisfying Pairs of Item Seclection Criteria

— Item-Ability
Criterion Discrimination Difficulty Correlation
.20 .30 .40 .20-.30 .30-.70 .40-.60 .20 .30
Rasch Item
Probability :
.01 78 62 49 69 52 30 56 22
.05 73 60 47 65 50 29 53 21
.10 66 53 41 59 45 27 43 20
.25 50 40 31 47 35 19 36 15
.50 26 20 16 26 13 08 18 09
.75 09 06 05 07 04 01 06 03
Item-Ability
Correlation
.20 56 56 50 33 ) 18
.30 23 23 23 18 13 07
Difficulty
~20 - .80 59 47 33
.30 - .70 46 34 28
.40 ~ .60 27 19 15
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Table 3

Percentage of 82 Symbol Analogy Items Satisfying
Pairs of Item Selection Criteria

; Item-Ability
: Criterion Discrimination Difficulty Correlation
] .20 .30 .40 .20-.30 .30-.70 .40-.60 .20 .30
: Rasch Item
: Probability
.01 70 50 44 56 37 18 45 11
: .05 63 49 44 49 33 18 45 11
.10 61 43 43 46 32 18 4 10
.25 51 41 38 34 24 17 39 09 ;
: .50 27 21 13 13 15 11 20 04 !
: +75 11 07 06 07 05 04 07 00
. Item-Ability
Correlation
.20 45 45 44 34 28 15
.30 11 11 11 07 06 05
: Difficulty
.20 - .30 43 34 32
.30 - .70 33 23 26
40 -~ .60 17 16 16

R KR S M Y £
2
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Table 4

Percentage of 99 Picture Analogy Items Satisfying
Pairs of Item Selection Criteria

Ttem-Ability
Criterion Discrimination Difficulty Correlation
.20 .30 .40 «20-.80 .30-.70 .40-.60 .20 .30
Rasch Item
Probability :
.01 76 53 28 62 40 20 46 07
.05 69 53 25 54 35 17 42 04
.10 62 50 23 48 30 14 40 04
.25 43 35 13 35 21 08 27 03
.50 21 13 06 17 11 05 12 00
.75 08 06 02 06 04 03 03 00
Item-Ability
Correlation
.20 47 47 27 34 21 09
.30 07 07 07 06 04 02
Difficulty
+20-- .30 53 40 20
.30 - .70 36 25 12
.40 - .60 15 10 05
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Table 5

Percentage of 178 Number Analogy Items Satisfying
Pairs of Item Selection Criteria

Item-Ability

Criterion Discrimination Difficulty Correlation
.20 .30 .40 .20-.80 .30-.70 .40-.60 .20 .30
Rasch Item
Probability
.01 90 382 73 40 29 13 79 53
.05 83 76 68 36 27 13 74 51
.10 78 73 64 34 26 12 71 43
.25 63 60 52 25 13 09 58 42
.50 - 46 44 41 14 09 05 43 33
.75 26 25 24 08 06 03 25 13
Item-Ability
Correlation
.20 80 30 74 32 24 11
.30 53 53 53 18 14 07
Difficulty
.20 - .30 39 30 29
.30 - .70 29 25 21
40 - .60 12 11 10
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